INTRODUCTION
Despite the current economic situation worldwide, the aerospace industry is growing and the outlook is also positive. Reference [1] reviewed the industry worldwide and highlighted the boom in air travel. It also anticipated significant growth in the number of aircraft, mainly because current planes are not considered "green" and the global warming initiative is pressuring for newer and greener aircraft.
Reference [2] compared 2004 and 2005 UK aerospace sales and found that they were up by 25% reaching £22.67bn. Employment increased by 9%, and productivity increased by 15% per employee. The fastest growth was in the aircraft equipment sector, up by 60%, followed by engine sales, up 40%. Export sales showed a 29% increase (£15.17bn).
The complexity of the industry makes this growth a considerable achievement. The aerospace products have long lead times and they are often in place for several years. It means that, when a company gets a contract, it will often be developing that product for several years. Business competition requires aerospace firms to show high production efficiency -historical on time deliveries -and also engineering throughput to pre-calculate the product and estimate time and costs in order to get a new business. However, with recent market growth, engineers have often found themselves too busy with the day-to-day activities, so that it has been difficult to take maximum benefit from market opportunities.
Employing more staff could be a solution, but the industry has been facing a workforce and skills shortage [3] . Therefore, one possible solution is to increase engineering capacities by improving business processes. Reference [4] claims that business processes can also be improved by deploying new Information Technology systems. This paper analyses an in depth case study at an aerospace company which invested in business process improvement in order to drive business expansion.
II. PROCESS MANAGEMENT
Many companies want to organize themselves around processes but they do not have any clear idea which steps to follow and which initiatives need to be taken. Others are not sure how to structure a company around processes and sometimes turn to consultancy to help them decide what to do. There are also companies that are not sure whether their current organizational structure is adequate to engage process management [5] .
Trying to align themselves by process, companies tend to discover that is impossible to deploy integrated processes in an organization fragmented by the traditional functional structures. Organizations structured by tasks need to be redesigned to work by process. Some companies tend to take a few steps and give up without knowing how to progress [6] . Why is it so difficult to deploy a structure oriented by process?
The difficulties stem from a poor understanding of the concept of process. According to Ramaswamy [7] , companies that provide services normally think that process is a sequence of activities needed to perform transactions that help to provide their services.
The distinction between business process, auxiliary process and support process can help to identify essential processes for the company. Normally the essential processes are directly associated with company's basic business rules [5] . Childe et al [10] described the essential process of product development with the table below: 
A. Process Modeling
To define processes is a difficult task, which involves many complex factors like customers, human behavior and company structure. However, process modeling can provide a less detailed way to define process. Reference [8] said "the task of modeling, in general, aims to provide, an abstract description of one slice of reality by omitting details and thus reducing complexity which is usually inherent in real world situations. In the Re-engineering Process, modeling is the task of producing an abstract description of an actual or a proposed business process. A characteristic of a business process is that most of its elements are enacted by human actors" [8] .
Two very important issues in business process modeling are the information to be modeled and the modeling formalism. The main core business processes may contain information about:
• Activities, which are the basic elements upon which a business process is built. Usually they are defined as a unit of work that cannot be subdivided.
• The controls of a business process which describes when and which activity is executed.
• Resources which are assigned to activities. These are objects that are necessary for the execution of activities, for example documents, data etc. There are 'inputs' and 'outputs' which represent the resource flow which show how resources are exchanged between activities (see Fig. 1 ).
• Organizational structure which can consist of organizational units, people, roles, competence, etc.
The relationship 'has-actor' represents the assignment of an object of the organizational structure to activities [8] . If such formalism is employed, it should:
• Be graphical and easy to understand by all parties involved in the Re-engineering Process • Enable and encourage the reusability of the modeled components • Be supported by algorithms and enable the employment of certain techniques (e.g. animation, simulation, statistical analysis) appropriate for the analysis and evaluation of the model • Have clearly defined semantics in order to enable the transformation of the business process model from the re-engineering level to the implementation level [8] .
B. Business Process Reengineering
Another recognized way to gain process improvement is using Business Process Redesign, also known as Business Process Re-engineering (BPR). According to Johansson et al. [9] , "BPR is the means by which an organization can achieve radical change in performance as measured by cost, cycle time, service, and quality, by the application of a variety of tools and techniques that focus on the business as a set of related customer-oriented core business processes rather than a set of organizational functions".
There is a discussion between authors on whether BPR is the same thing as TQM. Although TQM also focuses on business process improvement -mainly on internal and external customers -it does not consider Information Communication Technology (ICT) evolution and its impacts. In addition, BPR is more suitable for innovation, which can radically alter business processes. BPR can cope better with radical changes because TQM has as an input a process and its output is the same process with improvements [10] .
On the other hand, many authors think that BPR just focuses on operational processes. Reference [11] claims that BPR has focused almost exclusively on improving the firm's internal operations having just an operational perspective. They also said that the objective of BPR is usually optimization of a single process rather than transformation of the enterprise itself.
III. METHODOLOGY
The aerospace industry is known as an industry with rigid processes difficult to be improved. One of the core processes of that industry is new product introduction, which aims to design, engineer and manufacture a new product. This paper aims to answer 3 research questions:
• What is the current new product development process in the aerospace industry? • What areas could be improved to speed up the new product development process? • How can information technology help process improvement?
A. Research Method
Reference [12] highlights that qualitative and inductive research can be done in different ways encompassing case studies, grounded theory, and ethnography, for example. Reference [13] also agrees that case studies are likely to be used as part of an inductive research approach. Reference [14] defines case study research as a "detailed investigation … of one or more organizations, or groups within organizations, with a view to providing an analysis of the context and processes involved in the phenomenon under study".
The research method employed here is based on an indepth case study research of new product development process improvement.
The evaluation of results was done comparing the answers of the interview and the observations made by the author. This was analyzed in conjunction with the findings of an extensive literature review, allowing empirical generalizations and a series of clear statements to be developed [13] .
B. Data Collection Methods
There are several ways to collect qualitative data that have a case study research focus. Examples include questionnaires, interviews and observation [13] [15] . After carefully analyzing data collection methods, interviews and observation were detected as the most suitable approaches for data collection due to the opportunity of the author to go to the company everyday. 27 people were identified as being potential sources of information for this research. The first batch of interviews involved 16 of the 27, and the main purpose was to map the current new development process and computer systems used to support the process. They involved people from all levels in the company. The second batch of interviews which involved 13 of the 27 people identified, aimed to collect and analyze problems related to current new product introduction processes and procedures. Figure 2 details the process used for the second batch of interviews: Figure 1 . Second batch of interview and analysis process For this second batch, 'the suitable subjects' were deemed to be people who had a comprehensive knowledge of the business, and who would be in a position to identify the problems the organization has to introduce new products. Reference [16] suggests that subjects must be in a position to generalize about business behavior. Only employees at the level of manager/supervisor or higher were considered for participation in the study.
All responses from both batches of interviews were documented in detail. In addition, one year of observation was also documented by the authors, which helped the research by highlighting facts that were not gathered in the interviews.
IV. FINDINGS

A. The Company Case Study
The company case study has more than one strategic business unit (SBU) or branch. According to its website, it is considered as a group of companies with divisions or SBUs operating across the world. The branch employs around 220 staff in their south west facility in England. This company group is considered the largest manufacturer worldwide of its product specialty.
Currently, the south west facility is accredited by a number of recognized institutions. It has got three National It also has the AS 9104:2006 for having a quality management system for design, development, product and overhaul of aircraft engine, airframe controls, gearbox and helicopter transition products. It is also certified by their customers in several areas of the business. Finally it is also accredited in the ISO 9001:2000.
B. Current New Product Development Process
The scope of the research was the new product development process. However, because the manufacturing process depends on the product that is being developed, the main focus was on the upstream process before launching a product part to the shop floor. Therefore, it involved the customer, design, and manufacturing stages, encompassing methods, quality, purchasing, production planning and the administrative tasks on the shop floor. A list of computer systems was documented and the process was presented using a workflow diagram. The list of computer systems had more than 130 systems of which 97 were Microsoft Access databases which sometimes hold important business information. Reference [17] lists a number of limitations of Microsoft Access databases which highlights how important it is to not hold any business information within them.
The process flowchart, when printed, had a 2600cm width per 500cm height. Table 2 summaries how many activities were assigned to each business area. Despite having a total of 89 activities in the shorter path, the process can have an overall shorter path of 2 activities and one decision if the designers realize it is a product that the company cannot design. Therefore, there is not much significance in the total of activities, because a process can have multiple paths.
C. Areas for Improvement
The questions of the second batch of interviews were formulated to get the right information to fill in a table similar to table 3. For each problem that an interviewee mentioned, a metric had to be found to measure the problem and identify what would be the basis of how it could be improved.
After all 13 interviews, 88 issues on processes were found. For each problem, the authors had proposed one way of improvement and for each improvement had one or more benefit which totaled 131. Most of the issues were related to finding information which seems to be a common issue within manufacturing companies [18] .
The criteria used in to create the list of real and agreed issues were if it has been mentioned by three or more interviewees. More than 20 were considered agreed issues and a more detailed analysis was performed on them. Firstly, a relationship analysis was done to find out the relationship between the issues and three key areas of improvement that were found: Knowledge capture and reuse, communication and collaboration and finally product and process management and visibility.
1) Knowledge Capture and Re-use
One issue commonly mentioned during the interviews was how much interruption key staff members have during a day. The design manager, for example, estimates that his department is interrupted for 40% of the average day of work; and the Production engineering manager estimates a 30% disturbance. This means that there is a high number of non-value-added activities influencing their delivery of value-added activity. The reason that they were interrupted was because of their knowledge of either the business or the products. Knowledge, expertise, experience is often just in employee's heads, and not properly recorded or documented.
Other company information was also buried within documents, emails and spread across dozens of physical cabinets. This uncontrolled environment included 80% unstructured data and related decisions, based on 20% of the available facts, according to the former Managing Director. According to Brandao and Wynn [19] companies expect to lose up to 20% of their staff every year and some industries expect to lose 60% of engineering staff within the next 5 years. With all that accumulated knowledge there is a clear need to adequately document this knowledge and make it accessible to other staff (and safeguard it from commercial exploitation by competitors).
According to Brown [20] , the deployment of a Product Life-cycle Management (PLM) system helps to have a single source of product and process information. Therefore, knowledge can be stored in an explicit way, accessible by the relevant people which should result in a reduction in day-today interruptions. Table 3 shows a summary analysis of knowledge capture and re-use. 
2) Communication and Collaboration
Normally, the development of a new aerospace product requires a lot of effort to produce the right and accurate information to flow from upstream processes to deliverables [21] . Figure 5 provides an example of some important data that are normally produced in the new product development process. With this amount of information, even with proper computer systems to handle and support the process, communication has a significant effect on process efficiency and product quality [24] . Having a single source of information helps, but what is most important for both communication and collaboration is a way to control digitally the new product development process and procedures (for example, via a workflow management system) [20] . Table 4 summarizes the findings related to communication and collaboration. 
3) Product and Process Management and Visibility
An example of how difficult it is to get product and process visibility and data consistency in the aerospace industry is the amount of important numbers that can identify a product. Works order number, part number, assembly number, change numbers, customer number, are illustrations of this complex issue. Tracking a batch number, a raw material reference number and a supplier number via a traceability system is often a complex and inefficient task. Figure 6 highlights the problem. Reference [22] concludes that Information Systems have been under-utilized in manufacturing companies, which has an effect on finding related information about product development. In the case study, it was established that an informal project plan was developed and just a few participants of the team knew its contents. In addition, the company was not capturing process performance information through process metrics, and even with some procedures documented, staffs were not following them nor did they know of their existence in some instances. Reference [23] highlights that a project planning tool, integrated with a workflow management tool, helps to enforce processes and give visibility to product development. 
V. CONCLUSION
In conclusion, the in-depth case study research supports the view that ICT systems have a strong relationship with business process improvement. The improvement was evident in management tasks as well as technical activities used by all departments and functions scoped in this research. Results strongly suggest that ICT systems adoption has a positive impact on business processes within industry.
Within the company case study, a new business culture is being introduced based on findings that references [5] and [6] have previously documented. In simple terms, the new culture is based on doing things in the right manner, first time around -"there are many ways to do tasks but only the company way can be used". The research found that the implementation of a new workflow management system could support and enable the introduction of this new culture.
The questionnaire, interviews and observations that were at the heart of this study confirmed that improvements were to be delivered in the case study by planned ICT systems implementation in a number of areas, including:
• Knowledge capture and reuse • Communication and collaboration • Product and process management and visibility PE Magazine [3] highlighted that the aerospace industry is facing a shortage of staff and a significant percentage of current staff are approaching retirement. Therefore, capturing the knowledge of both engineers and shop floor staff has become an important task and the research showed that by having a workflow management system integrated with a single central source of product information will help to alleviate the problem.
Market pressures are forcing companies to improve their efficiency and in particular the effectiveness to develop new products [20] . The study concluded that the usage of templates and adoption of industry best practice, especially on design, methods and quality, would speed up the overall process in combination with exploitation of appropriate ICT systems.
In summary, the following statements have been developed in response to the research questions. Statement 0 addresses research question 1, statement 1 answers research question 2 and from statement 2 to 6 respond the research question 3:
• 0: The current new product development process is still very long and burocratic in aerospace industry • 1: The new product development process in the aerospace industry needs to be changed carefully and there are definite opportunities for improvement in areas such as knowledge capture and reuse, communication and collaboration and product and process management and visibility • 2: ICT systems adoption has a large positive impact on business processes within industry • 3: The usage of templates and industry best practices potentially speeds up the new product development process • 4: A single central source of information across the business helps the transformation from tacit to explicit knowledge • 5: A workflow management system supports the statement "there are many ways to do tasks but only the company way can be used" in enforcing company processes.
• 6: A workflow management system helps to collect business process metrics. This research will continue by selecting a sample of six new products and using the process map to collect lead times for each activity in the process. That information will help the company to find the real new product development lead times, the queue time, potential bottlenecks and potential opportunities for parallel developments and process activities.
Overall, a better understanding of the role of ICT systems in industry was achieved showing that ICT will allow an engineering and manufacturing based company to be more competitive in today's market. The deployment of ICT systems is one way to achieve process improvement and the integration between them accelerates time to market, reduces the risk associated with human error, thereby improving new product development quality.
